Although aggressive lowering of intraocular pressure (IOP) levels has been shown to slow or prevent glaucomatous progression, [1] [2] [3] [4] other IOP-related factors such as fluctuation also may be associated with progression. Whether or not IOP fluctuation is a risk factor for progression of glaucoma is controversial. [5] [6] [7] [8] [9] [10] [11] [12] [13] This ongoing lack of clarity may be explained, at least in part, by differences among studies in the methods used to measure fluctuation. For example, some studies 14 15 studied the possible correlation between fluctuation and progression using baseline IOP data while others 1 10 11 assessed IOP fluctuation across follow-up visits; some 5 13 evaluated short-term IOP fluctuation (over hours or days) while others 1 4 6 7 10 11 14 assessed long-term fluctuation (over months or years); some 4 11 15 studied progression of ocular hypertension to glaucoma while others 1-3 16 investigated progression from mild to advanced glaucoma; and some 1 4 8 15 relied on measures of central tendency such as the IOP mean while others 6 7 9-11 14 used the standard deviation or inter-visit IOP range to reflect dispersion. Two recent studies 10 12 of the relationship between mean IOP and IOP fluctuation in surgically treated patients found that greater fluctuation was significantly related to visual field progression despite low mean IOP levels. In both studies, concomitant IOPlowering therapy was used but analyses stratified by therapy were not performed. Musch et al 14 noted that the range of IOP levels over six baseline measurements (median = 6.5 mm Hg) in the Collaborative Initial Glaucoma Treatment Study (CIGTS) was related to subsequent visual field loss. Trabeculectomy and aggressive medical treatment (target 35% IOP reduction) appeared to have similar effects on halting progression in the CIGTS, 17 but again relationships between specific medical therapies and either fluctuation or progression were not evaluated.
Because little is known about the impact of specific medical therapies on longterm IOP fluctuation, we evaluated differences in diurnal IOP fluctuation over a 6-month period in patients treated with fixed-combination latanoprost/timolol or monotherapy with either latanoprost or timolol. In addition, although others 7 18 have found IOP fluctuation to be directly proportional to mean IOP, it is not known whether this relationship varies across ocular hypotensive agents. We therefore assessed the relationship between change in diurnal IOP fluctuation and change in mean IOP to determine whether latanoprost, timolol, or the fixed combination of latanoprost and timolol reduce fluctuation independent of changes in IOP levels.
MATERIALS AND METHODS
Clinical trial designs Two 6-month, randomised, double-masked, parallel-group studies of fixed-combination latanoprost/timolol administered once daily versus monotherapy with either latanoprost once daily or timolol twice daily were conducted at 38 sites in the United States 19 (NCT00800267) and at 37 centres in Germany 20 (NCT00856622). Ethics approval was provided by the institutional review board or ethics committee of each participating centre before study initiation, and both studies were conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from each patient prior to study enrollment.
Patients were evaluated for eligibility at a screening visit during the 2 to 4 weeks preceding the start of each study. In brief, men and women 18 years of age or older with unilateral or bilateral primary open-angle, pigmentary, or pseudoexfoliation glaucoma, or with ocular hypertension were eligible if the prestudy IOP was ≥ 30 mmHg without ocular hypotensive medication or ≥ 25 mmHg with prior therapy. Eligible patients discontinued current therapy and had 2 to 4 weeks of "run-in" treatment with one drop of 0.5% timolol instilled twice daily. At the baseline visit (following timolol run-in), patients were randomised (1:1:1) to receive: (a) fixedcombination latanoprost/timolol once daily in the morning and placebo in the evening; (b) latanoprost once daily in the morning and placebo in the evening in Germany 20 or latanoprost once daily in the evening and placebo in the morning in the United States 19 ; or (c) timolol twice daily in the morning and evening. Three postbaseline visits at which IOP was measured in triplicate in each eye at 08:00, 10:00, and 16:00 were scheduled at weeks 2, 13, and 26. In both studies, the morning dose of medication was administered immediately after the 8 AM IOP measurement. The primary efficacy outcome was the difference between the fixed-combination therapy and the two monotherapy groups in mean IOP reduction through 6 months of treatment. For continuous demographic and ocular variables, the t test was used for pairwise comparisons and analysis of variance (ANOVA) for overall comparisons; for categorical variables, pairwise and overall comparisons were made using the Pearson chi-square test. The effect of treatment on diurnal IOP fluctuation was evaluated by calculating the least square means for each treatment. The overall and pair-wise treatment comparisons were performed using ANOVA. For the within-treatment group comparisons, the paired t test was used to compare the postbaseline diurnal IOP fluctuation versus baseline. In addition, diurnal IOP fluctuation was dichotomised as "high" (>6 mmHg) versus "low" (≤6 mmHg). [21] [22] [23] Baseline pairwise comparisons were made using the chi-square test; at week 26, the chi-square test adjusted for dichotomised baseline IOP fluctuation was used to evaluate between-group differences, and the overall p value was estimated using the Type III Wald test adjusted for dichotomised baseline IOP fluctuation. The McNemar test was used to compare dichotomised diurnal IOP fluctuation at each visit against baseline within each treatment group to account for matched individual subjects at each visit. For each therapy, the strength of the relationship between change in diurnal IOP fluctuation at week 26 and change in mean IOP at week 26 was assessed using a correlation coefficient.
RESULTS
In all, 854 patients were included in the post hoc analysis: fixed-combination latanoprost/timolol, n = 278; latanoprost, n = 287; timolol, n = 289). Treatment groups generally were similar with regard to pretreatment characteristics (table 1) . Although baseline mean IOP was statistically significantly higher among those randomised to treatment with timolol versus fixed-combination latanoprost/timolol (p = 0.030), the 0.7 mmHg difference was not clinically significant. Mean ± SD 3.7 ± 2.5 3.5 ± 2.6 3.4 ± 2.3 IOP, intraocular pressure; SD, standard deviation. Condition-related data refer to the study eye. *n (%), unless otherwise specified. Unless otherwise noted, between-group differences were not significant (p > 0.09) for any variable. † p = 0.030 for the difference between fixed-combination latanoprost/timolol vs timolol.
Treatment with the fixed combination of latanoprost and timolol resulted in a significant reduction in diurnal IOP fluctuation from baseline to week 26 (p = 0.002; table 2). During that period, diurnal IOP fluctuation was increased but did not change significantly among those treated with either latanoprost or timolol monotherapy (p = 0.601 and 0.097, respectively). The between-treatment difference of the change in diurnal IOP fluctuation from baseline to week 26 was statistically significant between the fixed-combination group and both monotherapy groups (p≤0.010 for each comparison). At week 26, the mean diurnal IOP level was significantly lower in the fixed combination group compared with each monotherapy group and in the latanoprost versus timolol monotherapy groups (fixed combination: 19.4 ± 3.5 mmHg; latanoprost: 20.6 ± 4.8 mmHg; timolol: 22.4 ± 5.5 mmHg; p<0.01 for each two-way comparison); changes from baseline to week 26 in mean IOP levels were greatest in the fixed combination group (-2.9 ± 3.2 mmHg; -2.1 ± 4.1 mmHg, and -0.7 ± 3.6 mmHg, respectively; p<0.01 for each two-way comparison). However, correlations between change in IOP fluctuation and change in mean IOP at week 26 were significant for the two monotherapy groups but not for the fixed-combination latanoprost/timolol group (fig). Correlation coefficients (r values) were 0.27 (p<0.001) for both monotherapy groups versus 0.07 (p = 0.276) for the fixed-combination group.
DISCUSSION
In this post-hoc analysis of data from two randomised, double-masked trials, 19, 20 significantly fewer patients treated with fixed-combination latanoprost/timolol had high diurnal IOP fluctuation after 6 months compared with those receiving either latanoprost or timolol monotherapy. Moreover, the nearly 50% relative reduction from baseline in the percentage of patients with high diurnal IOP fluctuation in the fixed combination group contrasted with an increase of similar magnitude in this percentage in the timolol monotherapy group and with the 13% increase in the latanoprost monotherapy group. The extent to which the somewhat lower mean baseline IOP level and larger mean baseline IOP fluctuation in the fixed combination group contributed to these differences is unknown.
The fixed combination was statistically significantly superior to both monotherapies with regard to reducing diurnal IOP fluctuation, but differences between the latanoprost and timolol monotherapies were not statistically significant. Thus, mean diurnal IOP fluctuation increased to 3.7 mmHg at week 26 in the latanoprost and timolol groups from baselines of 3.5 mmHg and 3.4 mmHg, respectively (p = 0.423). The fact that patients received 2 to 4 weeks of "run-in" treatment with timolol probably blunted its impact on fluctuation. The reason for the relatively low effect of latanoprost alone on fluctuation requires additional study.
Lower IOP levels have been associated with lower IOP fluctuation. 7 18 In the present research, however, this relationship was observed among those treated with latanoprost or timolol monotherapy but not in patients receiving fixed-combination latanoprost/timolol. The nature of IOP lowering with the fixed combination appears to be different than that achieved with latanoprost or timolol alone.
The impact of various ocular hypotensive medications on IOP fluctuation and ultimately on glaucomatous progression requires additional clarification. Hong et al 10 assessed progressive visual field deterioration in glaucoma patients after phacoemulsification, posterior chamber intraocular lens implantation, and trabeculectomy. After 13 years, progressive visual field deterioration was noted in more patients with postoperative IOP standard deviations >2 than in those with standard deviations ≤ 2. Although patients were treated with an average of >1 topical ocular hypotensive during follow-up, outcomes were not assessed with regard to postsurgical medication(s) prescribed. It is plausible to hypothesise, however, that differences among medications may account, at least in part, for the long-term variability in IOP levels reflected in the standard deviations. We have previously demonstrated differences between topical medications with regard to their ability to reduce the intervisit IOP range despite similar effects on lowering mean IOP levels. 23 It is therefore reasonable for ophthalmologists to consider not only the magnitude of IOP lowering but also the nature or quality of IOP lowering. Fluctuation of IOP is emerging as a potentially important element that may be taken into account when medically managing patients with glaucoma. That significant differences may exist among therapeutic choices otherwise thought to be equally effective may be a new factor to consider.
The current study is limited by the fact that it was a post hoc analysis; the impact of reducing high diurnal IOP fluctuation on progressive glaucomatous damage requires additional investigation in prospectively designed studies. Further research is necessary to clarify the benefit of lowering the peak or diurnal IOP relative to reducing high diurnal IOP fluctuation. In addition, future research should compare reductions in diurnal IOP fluctuation among patients treated with a wider variety of ocular hypotensive agents and should include IOP measurements reflecting the full 24-hour period.
In conclusion, we found that treatment with fixed-combination latanoprost/timolol results in significantly fewer patients with high diurnal IOP fluctuation than does treatment with either latanoprost or timolol monotherapy. Moreover, the fixed combination may have an independent effect on reducing IOP fluctuation in addition to reducing IOP levels. If it is confirmed that either short-or long-term IOP fluctuation is a risk factor for glaucomatous progression, it will be important to evaluate potential differences among ocular hypotensives in their abilities to reduce fluctuation and to determine whether or not differences are clinically relevant. timolol monotherapy latanoprost/timolol versus lantanoprost or to assess the efficacy of fixed-combination
